Historic,  archived  document 

Do  not  assume  content  reflects  current 
scientific  l<nowledge,  policies,  or  practices 


eserve 

I     /  f        '  UJTITED  STA.1ES  DEPAR'IMEKT  OF  ACtRICULOTRE 


Agricu3.tural  Hss&aroh  Adnini /strati on 
Bureaix  of  Plant  Indu.rbr^/p  Soils « 
and  Agricultural  Engirieering 


H»  To  &  So  OFFICE  REPORT  257 


V 

A  COMPARISOH  OF  VARIOUS  TSTES  OF  iHJC=K  SKIPMEITI^ 
OF  WASHED  ITOIT'- DRIED  EARLY  IRISH  .POOi^lltiES  FHfM 
CAMDEIL,  HaC-   10  KEW  YORE5  lJ«Ta . 


3y 


L«  J©  Elishmang  Associate  PlT/siclogif^t 
W*  Ae  Radspiniierj  Assooi8.te  Horticulturist 
Division  of  Handlirigj  Tra-aspo2''!::at-ion5  and  Storage  of 

Hor^:icultiaral  Crops 

and 

Jo  Mo  Johnson,  As  so 'ji ate  Ecc  i!D2iist 
Virginia  Agricultural  SxpGrimerrb  Station^,  Blacks'ourg^ 

Virginia 

Repozrb  of  a  stu.dy  financed  in  paii^  by  ti^  Researdi  e.2id  Marketing 
Act  of  V^lib.     Ohis  study  rras  conductod  U2jd.er  the  Southeastern 
Potato  Comcdttee  as  part  of  the  Southern  Regie na.1  Project 
on  ^Spoilage  in  Marketing  Early  Irish.  Potatoes^'  and 
•5!ras  conducted  in  coopei'atiozi  with,  the  l^orth  Ca2'o~ 
lina  Agricultural  Exjjeiriip.enh  Statione  RMs^ljlf 


Meridian,  Mississippi 
August  1,  1951 


( 


A  Comparison  of  Various  Tyve^i  of  Truok  Shipments 
of  Washed  I'Ton-dz-ied  Early  Irish  Potatoes  Frorc 
Ganden^  IIoC*  to  Ifew  YorkgK^Ya 


Table  of  Coxit:_erif: s 

jnO  els  rtoooottOGOooaoooooooooiiooooooooocooooooooooooo 

SU.X'J  SoOOBOOOOOOOO0OljOv>OO»O«OOOr)OOtoJ)ii©OOO3MOOOOOOOO  V 

Tomperature  o « o «.  o  <d  o  o  „  o  o » o  o «,  u v,  <.  o »  o « o  g  o  o « ^ « o  o  o  o  5 

UO  O  a^  <»Otli«1000    i-    i«  0   0  0  00<UCO«0000   0  0000   0  00«0>()<)0   4.»OOaO  ^ 

l-'Sei  ghi:    LO  •SSooooooe.«»o*oooo&-.>o«ooOGoo'>o<!,«)o«oooG.<s 
EXpCcsed    Samples  oo«o.co»oc-oo<»OGooaoooooec.  oooeooo  /" 

Ref  erein>eSo  o  ^  o » o  «. ,  o . . « « o  o ,  o  o  o  o « o  o « o  o  o « o  a  oo«o G oe  0  > 

"Washed  non-driad  po-batoes  Yiere  shipped  in  fi-re  different  truck  tests  from. 
Cfund^eng  No  Ge  to  Myt  York  City  during  the  last  of  June  and  tlie  first  of  Julyg  19^0o 
The  potatoes  carried  vrell  enough  to  sell  readily  in  tha  terminal  market  but  fchere 
vtrere  some  apparent  advantages  p^nd  disadvantages  tc  each  method  of  trv.ck  shipmeiite 

Potatoes  shipped  by  semi -open  trutcis  Tvere  -asually  cooler  than  "yentilated  Tan 
loads  en  route  and  arrived  with,  little  or  no  decay  for  tmt  .reasoni  lait  they 
subject  to  considerable  weight  loss  through  eTapora,tion  I'^hich  ms  probably  indirectly/' 
resporjBible  for  at  l^aj^t  part  of  the  grs-ater  oooling  of  the  load  en  route  and  vras 
directly  responjsible  for  desiccatio:i  damage  to  the  potatoes^  partievdarly  in  tlis  test 
bags  loaded  in  the  top  and    froiTb  layerso    Ventilated  lofids  in  Tarn  did  not  travel  to 
market  as  cool  as  loads  in  seir.i-open  trucl?^  and  a  small  amount  01  decay  developed 
in  most  loads o    Weidit  losses  and  desiccation  damge  vmre  less  in  ^^mll  vent;ilated 
van  loads  than  in  semJ."open  truola3<v    Solidly  loaded  vans  under  ventila,tion  en  route 
■ufsre  wanner  tbjs.n  Yviell  ventilated  van  loads; o     Tliese  contained  more  decjay  and  showed 
the  least  v/eight  loss  and  desiccation  damage  of  any  of  the  non-ref  id  ge  rated  types 
of  truck  sh5.pments  studied©    Since  decay  on  arrival  is  mors  likely  to  result  in  ship- 
ments being  refused  thian  are  underujeight  "he^gs  or  damage  from  d.esiooaticn^,  it  woixld 
appear  that  shipment  by  semi~open  trucks  of  imshed  non-dried  potatoes  should  be 
s"badisd  on  a  commercial  basis© 


Refrigeration  appears  to  be  preferable  for  van  loads  of  non^drled  potatoes 
and  vro'old  probably  be  more  speedily  accomplished  "cj  preoooling  ?fith  truok  iriounted 
units*     It  appears  desirable  in  some  ini^tances  to  follow  preoooling  vrith  either 
ventilation  or  icing  the  day  follovD.ng  in  order  to  L>5ep  tenxjeratures  'bel.oiT  yO^F*  If 
precocling  se:njics-s  cannot  be  obtained^  ioirig  at  shipping  paint  and  once  in  transit 
in  vans  ^/irhere  air  is  cire-uTLatii^d  by  a  blowr  -wo'xld  be  a  m.od6rat6ly  ?«atis?f aotory  sub'- 
.^tdtute  for  preGooling^    Although  ioing  costs  less  than  pree.ooiingafa?jf?r  bags  of 
potatoes  can  be  haulovi  because  of  the  Tireight  of  the  ioe  and  in  addition  cooling  is 
slcniper  than  it  is  if  the  load  is  precooledo  Except  in  veisy  hot  wBather  or  shipments 
taking  longer  thszL hours  to  reach  marke^t 5 preoooling  at  shipping  point  should  be 
sufficisnt:® 

Sebago  appeared  to  carry  better  than  Cobbler  or  SriOv?drift  heomMe.  it  ie 
less  subjeot  to  br-'oisingo    Digging  potatoes  the  day  before  shipment  did  not  affect; 
their  carrying  qualityo    Potatoes  damaged  by  eis^iposure^  even  ssvere-iy^  developed  little 
decay  in  these  trv/ik  tests*    Bmised  material  (i5.d  not  carr^/-  well  becar^se  it  deTel?:>p8d 
a  relatively  hig^  percentage  of  decay  en  routeo  Potatoes  dairjage^d  'by  mt5chanica-l 


injuries  were  much  more  likely  to  develop  6.ecay  in  transit  than  those  damaged 
by  desiccationo     Desiccation  from  exposure  in  the  field  or  dryir^g  en  route  made 
the  potatoes  unat tractiveo 

Intro  due  t  i  oii 

In  recent  years  emphasis  has  been  placed  on  providing  the  consumer  with 
washed  potatoes  that  are  relatively  free  from  defects  and  have  shallow  eyeso 
HoweveTj,  most  of  the  potatoes  shipped  from  eastern  North  Carolina  and  the  eastern 
shore  of  Virginia  are  still  not  washedo     The  pressure  of  competition  is  causing 
considerable  interest  in  washing  even  though  earlier  attempts  failed  to  establish 
the  practice  (l  and  2)o  3^/    ^'actors  which  ars  causing  renewed  interest  ares  (a) 
slightly  higher  prices  and  more  ready  sales  for  wasned  potatoes;   (o)  the  swing  to 
truck  shipments  which,  because  they  are  usually  faster,,  do  not  provide  decay  organ- 
isms as  much  time  to  do  as  much  damage  as  in  rail  shipments^   (c)  the  fact  that  a 
few  sheds  have  practised  washing  or  washing  and  drying  v/ithout  any  particixlar 
difficulty  for  2  or  3  years;  and  (d)  probably  of  most  importance^  the  shift 
from  Cobbler  to  SebagOs,  a  variety  with  shallow  eyesj,  some  disease  resistances  and 
an  ability  to  withstand  handling  and  exposure  better  than  many  other  varietieso 
The  Sebago  variety  has  become  popular  In  the  HastingSo  -Florida.g  and  in  the  Charles- 
tons Sc   Go  J,  areaso     While  Sebago  has  some  cultural  disadvantages!,  its  desirable 
qualities  make  it  suited  for  shipping  and  handling  and  it  is  better  m  appearance 
after  washing  than  the  Cobbler o     As  a  result  about  one-fifth  of  the  acreage  in 
Uorth  Carolina  and  Virginia  was  planted  to  Sebago  in  the  1950  season  and  consid- 
erable interest  in  washing  potatoes  deveiopedo 

In  view  of  the  attempts  by  snippers  to  convert  to  washing  without  the 
additional  expense  of  dryixig^   the  short  haul  by  truck  to  most  Hiarkets  served  by 
these  areasj  and  previous  experience  obtained  in  a  two  year  survey  (3)  as  well  as 
that  reported  for  Baldwin  County^  Alabama  (S);,  it  was  decided  to  test  as  thoroughly 
as  possible  the  feasibility  of  shipping  washed  non-dried  potatoes  by  trucks  with 
and  without  refrigeration  to  Hew  York  Cityo 

Methods 

I'lYe  truck  shipping  tests  were  made  during  the  latter  part  of  June  and  the 
first  part  of  Juiy^  1950s,  from  Camdenj,        G.=     An  outline  of  these  tests  is  given 
in  Table  !<.     All  the  potatoes  v/ere  washed  but  net  driedo   except  in  Test  3*  and 
v/ere  packed  in  100  pound  burlap  bagSo     In  Test  3  the  potatoes  were  either  dry 
graded,  washed;,  or  washed  and  dried.     The  trucks  u^ed  were  essentially  of  tv^o 
kinds?   (a)  the  conventional  van  with  1  1/2  to  2  inches  of  insulation  in  walls 
and  ceiling  and  an  ice  bunker  in  the  front  end°,  or  (b)  a  semi-open'  bodied  truck. 
The  loads  in  the  trucks  were  arranged  either  to  allow  air  circulation  through  the 
load  (ventilated  load  with  layers  usually  arranged  ^-j-'Z  or  5"3""3°'l        &  stack) 
or  to  restrict  air  circulation  through  the  load  (solid  load  vrithout  air  channels). 
All  the  semi-open  trucks  carried  the  solid  load  while  the  vans  were  loaded  either 
with  solid  or  ventilaX/ed  loadso     The  placement  of  the  load  varied  somewhat  because 
of  the  construction  of  the  trucksa 

Test  lots  were  of  two  kindsj   (a)  potatoes  from  the  com^mercial  lots  being 
packed  that  day  (regular  test  bags)  and^    (b)  test  lots  designed  to  answer  some 
special  question  (special  test  bags).     The  regular  test  bags  were  placed  in  three 
positions  in  each  truck.     These  were?  (a)  top  layer.,   stack  ones  i,e.   the  most 
exposed  position  available  in  either  the  semi-open  trucks  or  the  vans;   (b)  top 
layer^  middle  stack  of  the  loadp   i.eo  where  air  passed  readily  over  the  bags; 

Ij  Numbers  in  jjarenthesis  refer  to  literature  cited  on  page  9- 


and  (c)  itdddle  lajrer  (or  -upright  bag  in  Tentilated  lo-p^6.s  )^  Liiddlt-  stack  cf  the 
loadj,  loOo  representing  the  bulk  of  the  bags  in  the  ?^cado     The  special  test-  bags 
were  all  placed  a!i.ongside  the  reguls^r  tast  bag  in  the  middle  laye-r^  mddle  stack 
of  the  loadj,  and  for  that  reason  were  compared  with  the  perf orjif:-i,z£"!e  of  the  bags 
in  that  posit ion© 

The  test  bags  included  in  Test  I  all  came  from  one  field  tnicklcad  of 
potatoes  (lag  the  day  of  loadingo     Tlie  senit-cpen  truok  "ased  had  sides  that  -wsre 
solid  from  the  floor  up  to  a  height  of  about  20  inctes  and  ve-ere  slatted  from 
tfere  to  the  top  with  -g-  to  1  inch  openings  betm^en  the  slatsso    A  tarps.ulin 
oo'yered  the  top  of  the  load  and  partially  shielded  the  test  bag  in  the  top  layer' 
of  the  f  i,r.st  -stackn     Tne  insi^Iated  Tan  mt:  of  consent is^nal  uonit^trt'ietion  id.th  th& 
3xx!eption  that  the  bunker  -was  baffled  to  diver^t  air  up  OTer  th<5;  load*  Both 
tr'iokis,  had  a  ^an  recoi'ding  thermc^meter  in  the  center  of  each  load  s.nd  a  poirtable 
hygrcrhhe  mo  graph  was  attached  tc  the  ou-^side  mil  of  the  Bern --o  pen  truoko  Both 
leads  were  stacked  to  restriot  ai.r  oirouiaticn  (solid)o 

In  Test  2i,  tPiree  trucks  iD^re  used®     Ttie  ragular  test  'bags  caim  from  three 
-.aparate  field  loader  one  of  Ck;>bblers  dug  the  day  of  shipmerAi,  one  of  Cx.^bblers 
dug  in  the  afternoon  the  day  before  shipment^  and  djib  of  Sabago^is  dug  the  day  of 
shipmento     The  semi-open  truck  had  sidefj  tlmt  wera  solid  to  a  haight  of  about 
four  fset  from  the  floor  and  -/jere  of  slatted  oonst?.%istion  abo^a  this  leTel©  Sie 
top  of  the  tx^ok  ^m.B  cohered  with  a  tarpaulin©    The  -ran  mth  the  -^^'entilated  load 
had  mi  bunkero     The  potatoes  were  -stacked  ba,Gk  from  the  front  wall  to  leairs  a 
spac.8  ■:^imilar  to  a  bunks This  provided  aiople  oppon;-u,t3ity  for  the  air  e-oming 
in  tliL"ough  the  vents  to  circulate  through  the  loado  third  trtiok  in  tliis  test 

',m,?  a  'Tan  os.rrying  a  load  stacked  to  provide  a  mirdmui?!  of  Tsntilation  tlirough  th,e 
lead  (solid)*     Thi,5  van  contained  a  bunker  which  ailo-ived  the  air  to  moYe  directly 
back  o"^er  the  load  after  coLiing  into  the  truck  tl:r?;-ough  the  air  ■pox'^-So     There  was 
little  aecess  of  air  to  the  load  other  t;ha.n  from  the  top©    A  ^'an  r<;?;5ording  ther- 
mometer ¥ms  placed  in  the  center  of  each  load  and  a  iDortable  hygrot he rrrio graph 

placed  on  the  outside  m^il  of  th-e  semL'-open  trucko     Ihe  purpose  of  tb.e  test 
■iras  threefold^,   (l)  to  corapa.re  varying  deg.re6.s  of  Tentilation  as  determined  by 
rnic-k  construction  and  loading  methods^  {2}  to  compare  carrying  quality  cf  Sebago 
and  Cobbler  potatoes ^  and  (5)  to  compare  potato^ss  dug  the  day  before  loading  with 
fr-r^ishly  dug  potatoe&s 

In  Test  3  sill  i:hree  tniokH  were  of  ths  -ra.n  type  and  the  purfpos^  of  the 
test  was  to  compare  the  carrying  qual3.ty  of  non-Virashed^  mshed^  and  washed  and 
dried  potatoes©     The  potatoes  all  cams  from  one  field  making  the  loadrS  as  compar- 
able as  pcu2gibleo     The  non^-iTashed  j'otatoe.s  w^re  run  over  a  3oggs  dr:y  grader©  !I3ie 
isja.?hs-d  potatoes  vrare  ran  over  a  Boggs  dry  grader  into  "A'hieh  a  -sirasher  made  by  the 
American  Potato  Dryer  Go  or,  Inco  had  l;>e^n  ?.n5erbedo    The  i-rash^^d  aijd  dried  potatoes 
■mx-s  r^'xn  over  an  American  Machinery  Corporation  msher  sotjA  hot  air  dr;yero  After 
gradln.g5  x^he  potatoes  from  t^his  machine  T^-?r6  .judged  to  'be  only  fairly  dry© 

In  addition  to  the  regular  test  bags^  some  special  test  bags  wsre  aJ.so 
included  in  tMs  teste     Thessi  bags  -were  prepared  in  the  same  m.am6r  as  the  other 
potat-oe&'  in  the  ti^Ack  in  ?/J:iich  th.sy  'wo-.v^j  shipped  but  'prior  to  their  preparation 
they  had  been  exposed  on  the  ground  for  appro^d.mately       hourc^^  after  digging© 
Pari  of  these  test  potatoes  I'rers  exposevd.  essentially  as  the  digger  Isft  them^  ioe« 
■<^>ith  al'K5UT:  5/^  '"^  ■''^^J®  skin  removed-;  the  other'  part  wan-;  rolled  in  a  birlap  bag  to 
remote  additional  skin  before  exposure©    About  c.y%  of  the  sklr.  yra,?;  :r^'moved  from 


vh@  potatoes o     Temperatures  were  taken  v/itn  triermomsters  in  tns  exposed  cortex 
of  se'/eral  of  the  potatoes  during  the  exposure  periodo 

The  evaporation  rate  was  insasured  with  a  Liyingston  white  porO'Us  porce- 
lain atmometar  culb  (coeffo  Oo77)<.     The  p'arpose  of  the  special  test  bags  was 
to  determine  how  well  damaged  and  heated  potatoeis  carried  ia  transit e    A  Rjan 
recording  thermometer  was  placed  in  the  middle  of  ©acii  loads  and  a  portable 
hygro thermograph  was  placed  behind  a  Tent  in  the  bunker  ©f  the  Tan  carrying  the 
washed  and  dried  pctatoeso     It  si-iculd  be  noted  that  this  Tan  had  a  baffled 
bunker  which  threw  the  air  up  OYer  tne  load  while  the  other  two  Tans  allowed 
the  air  to  move  directly  into  the  trucko 

In  Test  U  the  regular  test  bags  iirere  again  all  obtained  from  one  fieldo 
The  sides  of  the  serai-open  truck  used  in  tnis  test  were  slatted  froia  the  floor 
up  with  about  Ijh  inch  openings  between  the  slats  and  th©  load  was  coTered  with 
a  tarpaulin.     The  two  Tans  were  similar  and  contained  To^ntilated  loadSo     One  Tan 
was  prscooled  and  went  to  destination  with  Tente  closed^  2/'    The  other  Tanj,  as  in 
preTious  testSp  was  sent  witn  all  Tents  openo     Special  test  bags  consisted  of 
material  damaged  by  1  anc*  by  2  hour  exposures  after  digging  in  the  fields  and  also 
one  bag  containing  only  bruised  potatoes..  2/         addition  a  bag  of  the  promising 
variety  Snow  Drift  was  included  in  the  Tentilated  Tan  loado     The  purpose  of  this 
test  was  to  compare  semi -open  trucks  Tentilated  Tans  axid  precooled  Tan  loads p 
and  also  to  compare  'one  carrying  quality  of  materials  damaged  by  exposure  or 
handlingo 

In  this  test  distant  reading  electric  resistance  thermometers  were  placed 
in  10  to  12  locations  both  in  the  air  and  in  th©  commodity  and  one  of  the  test 
party  accompanied  the  three  trucks  to  Kew  York  City  and  too^k  periodic  readings 
en  routeo     The  precooled  van  was  loaded  first  and  was  precooled  while  tne  other 
truckg  v/ere  being  loaded,     Unf ortunatelyg  the  semi=open  truck  had  t©  stop  tempora- 
rily at  Salisburyp  Maryland;,  and  the  record  was  incomplete  for  this  trucks 

Test  5  'A-as  a  comparison  of  an  iced  and  a  precooled  Tan  load  to  determine 
if  icing  alone  would  suffice,,     Unfortunately 9  the  iced  Tan  d^'d  not  carry  a  full 
load  because  ine  shipper  could  not  supply  enougn  potatoes-     Th®  test  bags  all 
came  from  one  field  loado     The  loads  were  stacked  to  allow  Tent ilat lono  The 
precooled  van  had  to  have  the  vents  opened  n@ar  tns  end  of  the  trip  to  help  cool 
the  load=     The  iced  Tan  had  'che  alternate  vents  partially  opened  after  the  second 
icing  in  order  to  hasten  cooling  of  the  loado     '^'emperatures  vera  taken  vith  distant 
reading  electric  resistance  thermometer©  as  in  Test  4o 

At  shipping  points,  samples  of  ~11  the  test  uateriai  v;ere  collected  and 
examined  to  determine  the  approximate  condition  of  -he  potatoes  being  used  m  test 
bags  4/0     These  data  are  given  in  Table  2  and  reference  will  be  made  to  them  later. 
All  the  test  bags  were  collected  in  the  terminal  market  and  exa-'ninad  soon  after 
arriTal  and  again  after  holding  approxiiri©.tel7  five  days, 

2/  Precooled  by  a  tracic  mounted  unite 

3/  Either  found  in  the  material  or  bruised  by  the  test  party, 
Sixcept  for  some  of  the  exposed  lots  in  Test  4o 
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All  of  the  potatoes  in  the  truck  loads  in  these  tests  vrere  accepted  Y/ithout 
complaint  in  the  terminal  market*     This  reflects  their  generally  satisfactoiry 
condition  on  arrival  and  is  an  indication  of  the  relatively  small  differences 
found  "betrreen  the  different  loads  despite  having  been  prepared  or  shipped  in 
different  iva.ys« 

Probably  the  most  impoirbant  factor  controlling  decay  in  sliipments  of  early 
Irish  Potatoes  is  temperature,  since  shipments  x.iiat  travel  to  market  above  70  F» 
for  any  appreciable  length  of  time  tend  to  develop  soft  rot  {h.)o     The  development 
of  soft  rot  in  shipments  exposed  to  temperatures  above  70  F<,  has  been  found  to  be 
nearly  in  proportion  to  the  amount  of  cut  and  bruised  material  present  in  the  load 

\.y  J  ^ 

The  temperatures  obtained  "with  the  Ifyan  recording  thermometers  in  the 
center  of  each  load  in  Tests  1,  2s  and  3  are  given  in  Figure  1©    Also  shovm  on 
these  graphs  are  the  air  temperatures  recorded  by  the  po2*-Gable  hygrot lie rmo graphs 
in  the  respective  tests*    All  three  trucks  in  Test  3  '"'^^'-^  vans  traveling  v/ith 
vents  open  to  destination*    Although  they  vrere  loaded  at  different  temperatures 
and  left  the  shipping  point  at  different  times  during  the  day,  they  maintained 
nearly  the  same  temperatures  in  the  center  of  the  load  tiiroughjout  most  of  the 
trip©     This  indicates  that  an  equilibrium  \t^.s  reached  soon  after  departure  betv/een 
heat  removed  by  vencilation  and  heat  gsdned  or  produced  by  the  load^,  regardless  of 
shipping  time,  or  whether  they  had  been  dr^,""  graded^  ivashed,  or  -CTashed  and  dried. 

In  comparing  these  data  it  can  be  seen  that  the  semi-open  truck  in  both 
Tests  1  and  2  v;as  the  coolest  en  route, T/hile  the  xiell  ventilated  van  load  of  Tfest 

2  v/as  intemediate  and  the  solid  van  loads  vrere  the  vfarmeste     In  vie-i7  of  the 
similarity  of  the  temperatures  of  the  trucks  in  Test  3        appears  that  the  only 
major  difference  betvreen  the  tn-icks  of  Tests  1  and  2  mis  the  amount  of  ventilation 
provided.     The  load  in  the  semi-open  truck  cooled  Y/ith  the  night  air  but  contrary 
to  expectations  the  temperatures  did  not  rise  again  v/-ith  rising  a.ir  teinperatures 
the  folloiTing  day.     Cooling  mth  low  night  temperatures  had  less  effect  on  the 
poorly  ventilated  vans  but  they,  too5  failed  to  v/arm  up  in  the  center  of  the  load 
ivith  rising  air  temperatures* 

In  Test  4  (Figure  2)  there  -".Tas  apparently  very  little  difference  bet-ween 
the  semi-open  truck  and  the  ventilated  van  load  even  though  the  record  is  incomplete 
for  the  former*    Hovrever,  it  is  knov/n  that  these  trucks  experienced  rain  during 
the  day  following  loading  ivhile  the  hygrothermograpri  records  for  Tests  1,  2,  and 

3  indicate  clear  vreather  en  route©    It     unfortunate  that  outdoor  a-ir  temperatures 
were  not  available  for  Test  1+  because  the  cooling  of  the  loads  apparently  depended 
on  how  Y/ell  ventilated  they  were  and  how  lew  the  temperatures  di'opped  at  nigjit* 

In  Test  Ij.  the  data  indicate  the  night  temperatures  did  not  drop  appreciably  and 
rain  prevented  much  evaporation  during  the  day©     This  may  account  for  the  fact 
that  the  better  ventilated  semi-open  track  used  in  Test  h.  did  not  produce  tempera- 
tures different  from  those  in  the  ventilo-ted  van* 

It  should  be  pointed  out  that  this  explanation  conforms  mth  data  obtained 
earlier  on  track  shipments  from  AlabsjTia  to  Chicago^  Illiixsis  (8)s  and  also  provides 
an  explar-ation  of  T/iiy  open  bodied  trucks  appeared  to  develop  more  decay  on  going 
through  rain  (3)«  '  - 


The  precooled  vans  in  Tests  ^  and  5  (3'igure  2)  were  initially  cooled 
below  70®Foj  but  not  to  dO-^Fo  ^  in  3  ^•C'      iio'-^rs  but  after  leaving  ths  shipping 
point  the  cominodity  temperatures  rose  aboY®  70®^°        about  6  to  8  iiourso     In  the 
icsd  van  the  temperature  was  above  1^®!^  during  the  first  part  of  the  trip  but 
after  the  second  icing  it  dropped  beiow  jO^^o  and  the  van  arriYsd  cooler  than 
the  precooled  loado     Thereforeo  it  v/ould  appear  desirable  in  very  hot  weather 
to  follow  precooling  with  icing  en  route  to  maintain  sufficiently  low  tempera- 
tureso     If  the  load  in  the  iced  van  had  been  larger  the  load  probably  would  have 
cooled  more  slowlyo 

If  temperatures  above  jO^i'o   encourage  bacterial  soft  rotp  the  solidly 
loaded  van  in  Test  2  and  the  t""ucks  of  Test  ^  should  show  the  greatest  develop- 
ment, of  it  en  route*     The  regular  test  bags  froni  these  trucks  showed  decay  more 
consistently  than  others  in  these  testSf  but  deeay  was  found  in  small  amounts  in 
other  trucks  (Table  3)«     ^•'^s  only  truck  in  which  the  test  bags  averaged  consider- 
ably over  1  percent  decay  was  the  solidly  leaded  van  of  Test  2,,     The  semi-open 
trucks  had  no  decay  on  arrival  in  Tests  1  and  2  and  only  one-half  of  one  percent 
in  Test  \  that  went  through  raino     This  was  the  least  decay  of  any  of  the  non- 
refrigerated  types  of  loadso     The  precooled  (or  iced)  loads  were  not  free  of 
decay. 

In  the  ventilated  van  load  of  Te.st  2^  Cobblers  dug  the  day  of  shipment 
showed  fewer  test  bags  with  decay  but  averaged  mor®  decay  than  Cobblers  dug  the 
day  before  shipment „     The  Sebagos  in  this  van  averaged  less  decay  than  either  lot 
of  Cobblers  indicating  a  probable  difference  between  the  tw  varieties  because  of 
the  difference  in  the  ease  with  which  they  are  bruised  (Table  2)., 

Since  no  decay  developed  in  any  of  the  regular  test  bags  in  Test  3'  con- 
clusions cannot  be  drawn  on  whether  washing  or  washing  and  dryirAg  had  any  effect 
on  carrying  quality. 

Decay  that  developed  while  holding  the  material  after  arrival  was  slight 
and  not  particularly  indicative  of  the  effect  of  the  shipping  conditions. 

The  average  performance  of  the  test  bags  is  not  an  accurate  measure  of  the 
performance  of  the  entire  truck  loads  since  tv/o  of  the  test  bags  were  located  in 
exposed  positions  while  the  third  was  near  the  center  of  the  loado     This  third 
bag  would  probably  be  more  representative  of  the  bulk  of  the  load  while  the  other 
two  probably  represent  only  about  a  tenth  t@  a  fifth  of  the  load. 

Weight  losses  en  route  are  the  coneera  cf  every  shipper  because  complaints 
sometimes  arise  from  the  arrival  of  underweight  bags  in  the  terminal  market.  It 
has  been  shown  earlier  (3)  and  in  pre'i-'"ious  shipments  from  Alabama  (S)s,  that  weight 
losses  are  greater  from  open  tr^ielrs  than  from  vanso     Thi^  was  "rue  in  these  teste 
also  (Table  U),     Although  nearly  all  the  trucks  contained  non-dried  potatoes,  all 
bags  arrived  dry  except  a  few  on  the  front  end  of  ^he  semi-open  truck  that  encount 
ered  rain  en  route.     It  would,  thereforeo  not  appear  necessary  to  dry  potatoes 
prior  to  shipment  to  avoid  wet  bags  in  the  market o 

As  expected,  the  test  bags  in  the  semi-open  trucks  lost  more  weight  in  all 
positions  and  tests  than  the  van  loadso     The  ventilated  van  load  of  Test  2  lost 
more  weight  than  the  poorly  ventilated  solid  load  in  this  testo     Weight  loss  was 
lowest  in  tne  precooled  or  iced  vans. 
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It  is  not  easy  to  compare  the  weignt  lost  in  the  semi-open  trucks  in  the 
different  tests  "because  the  difference  in  construction  and  the  placement  of  the 
tarpaulin  affected  ventilation.     However^  tne  test  bags  on  the  semi-=open  truck 
that  went  through  rain  (Test  k)  lost  considerably  less  weight  than  comparable 
bags  in  Tests  1  and  2o 

By  calculating  the  evaporating  power  of  the  air  from  the  temperature  and 
relative  humidity  readings  of  the  hygro thermographs  it  is  possible  to  obtain  a 
comparison  of  tne  dryness  of  the  air  through  which  the  first  three  tests  went. 
This  figure  which  represents  the  amount  of  water  vapor  that  would  be  needed  to 
bring'  the  humidity  of  the  air  to  100  percent  at  tne  prevailing  temperature  is 
usually  expressed  by  the  term  vapor  pressure  deficit »     In  Figure  3  cumulative 
vapor  pressure  deficit  during  each  test  is  giveno     It  v/ould  appear  that  the  trucks 
of  Test  2  experienced  almost  a  continuous  drying  en  route  while  the  trucks  of 
Tests,  1  and  3  went  tnrough  drying  weather  only  during  the  daylight  hours. 

It  appears  that  weight  lost  in  transit  in  these  tests  reflects  the  amount 
of  ventilation  in  and  around  the  potatoes?,  the  dryness  of  the  air^  and  the  amount 
of  skin  removed  from  the  potato  in  harvesting  and  handling  (Cobbler  vs.  Sebago 
in  Test  2). 

Although  evaporation  may  aid  in  cooling  the  potatoes,  appreciable  loss  of 
water  en  route  would  be  undesirable.     Excessive  desiccation  may  result  in  browning 
and  scald  spots  (5)»  and  in  these  tests  some  of  this  damage  was  found  (Table  5)» 
G-enerally  speaking,  scald  spots  were  not  noticeable  or  at  least  not  severe  on 
arrivals  but  were  especially  noticeable  in  the  top  layer  bags  after  xholding  5  days. 
They  were  worse  in  the  front  stack  than  in  the  center  of  the  load=     Potatoes  in 
the  test  bags  in  the  semi-open  trucks  usually  developed  more  scald  spots  than 
bags  in  the  van  loads.     In  view  of  the  fact  that  this  damage  was  seen  in  only  small 
amounts  on  arrival  and  was  severe  in  only  the  top  layer  of  stack  1  after  holdingi 
they  usually  do  not  give  much  trouble  in  normal  handling  in  the  market.    A  more 
serious  objection  to  the  open  trucks  may  be  the  high  weight  losses. 

The  trucks  of  both  Tests  3  S-^d  k  contained  some  special  test  bags  in 
addition  to  the  regular  test  material.     The  temperature  of  the  potatoes  exposed 
in  the  field  as  the  digger  left  them  (exposed  only  lot)  rose  mors  rapidly  than 
those  having  additional  skin  removed  by  being  rolled  in  a  burlap  bag  and  then 
exposed  (skinned  and  exposed  lot).     The  potato  temperatures  eventually  reached 
nearly  103*5*0  and  9S®F, ,  respectively  (Figure  These  temperatures  were  appar- 

ently not  high  enough  to  cause  heat  injury  or  sublethal  t em^jeratures  as  described 
by  Eose  (U)  and  Nielson  (6,7)j  but  evaporation  produced  desiccation  damage 
(Table  2).     The  skinned  and  exposed  lot  showed  more  sticky  scald  spots  than  in 
the  exposed  only  lot. 

Despite  the  fact  that  desiccation  damage  was  greater  in  both  lots  of  ex- 
posed potatoes  in  Test  3  than  found  in  any  commercially  handled  material  during 
a  previous  survey  of  the  southeastern  states  (3)?  very  little  decay  developed 
in  transit.     If  the  temperatures  in  transit  had  been  higher  it  is  quite  possible 
that  more  decay  would  nave  been  present.     The  exposed  onJ v  lot  was  the  only  one 
showing  decay  on  arrival  (Table  6).    Although  this  lot  did  not  have  as  great  an 
amount  of  sticky  scald  at  loading  as  the  skinned  and  exposed  lotc,  it  contained 
more  cut  and  bruised  material.     The  combination  of  high  loading  temperatures  and 
great  amounts  of  cut  and  bruised  material  in  the  exposed  only  lots  may  account 
for  the  soft  rot. 


In  each  truck  of  Test  3  the  exposed  only  potatoes  lost  more  weight  in 
transit  than  those  skinned  and  exposed  and  they  in  tarn  lost  more  weight  than 
the  check  "bags  of  potatoes.     This  relationship  is  in  proportion  to  the  loading 
t einperatures  except  in  one  instance  (skinned  and  exposed  bag  of  potatoes  in 
washed  and  dried  van).     It,  therefore;,  appears  that  heat  lost  from  the  exposed 
potatoes  was  at  least  partially  through  evaporation  and  the  warmer  the  potatoes 
the  more  heat  that  was  lost  through  evaporation  in  each  trucko 

Even  though  shipped  in  different  waysn  tnis  difference  in  weight  losses 
from  exposed  and  non-exposed  potatoes  occurred  again  in  Test       hut  not  to  the 
same  extent.     The  exposed  material  also  developed  a  little  more  decay  en  route 
although  there  was  little  or  no  difference  oetween  the  potatoes  exposed  one  or 
two  hourso     Loading  temperatures  and  samples  were  not  collected  for  this  material 
and  it  is  not  known  whether  the  exposed  potatoes  were  loaded  w^mer  or  contained 
more  mechanical  damage  than  the  check  hagSo 

The  special  test  bags  containing  only  bruised  potatoes  developed  consider- 
able decay  en  route,  more  in  the  ventilated  van  than  in  the  semi-open  trucks  and 
more  in  the  semi-open  truck  than  in  the  preceded  vano     The  special  test  bag  of 
the  Snow  Drift  variety  developed  considerable  decay  en  route  also,.     This  verified 
observations  at  shipping  point  that  this  variety  was  prone  to  develop  decay  in 
small  bruises. 

In  general  it  appears  that  bacterial  soft  rot  is  more  apt  to  develop  in 
transit  at  mechanical  injuries  than  at  tissues  damaged  by  desiccationo  The 
potatoes  damaged  by  desiccation  were  very  unattractive. 

Discussioa 

It  cannot  be  definitely  stated  from  tne  information  given  above  that  one 
method  of  shipment  is  better  than  another»  as  each  has  its  advantages  and  dis- 
advantages.    Well  ventilated  truck  loads  have  tne  advantage  of  rapid  cooling  with 
low  night  temperatures  and  a  tenden'^y  to  remain  cool  in  clear  weather,,  Evapora- 
tion, howevers  causes  excessive  weight  losses  and  desiccation  damage  to  the 
potatoes  in  the  outside  layer  of  bags.     If  this  objection  is  not  toe  serious  the 
semi-open  truck  offers  the  best  opportunity  to  avoid  the  development  of  bacterial 
soft  rot  en  route  witnout  the  use  oi  costly  refrigeration. 

According  to  federal  grade  standards?   sunken  or  discolored  areas  (scald 
spots)  which  are  sticky  are  scored  against  all  grades  at  shipping  point  but  in 
the  terminal  market  they  are  also  scored  against  all  grades  as  a  condition  factor. 
If  these  scald  spots  were  not  sticky  they  are  scored  as  a  condition  factor  at 
both  siiipping  point  and  the  terminal  market.     Since  bacterial  soft  rot  is  more 
objectionable  than  underweight  bags  or  scald  injury^   shippers  may  fir.d  semi-open 
truck  more  satisfactory  for  short  nauls  than  closed  vans.     One  shipper  in  the 
area  has  sent  semi-open  trucks  carrying  washed  and  dried  potatoes  to  JTsw  York 
for  at  least  3  years  witnout  any  known  difficultyo     Furtner  testing  of  tnis  method 
of  shipment  would  be  desirable. 

Precooled  van  shipments,  using  well  insulated  and  tight  trucks?  appear 
to  be  tne  safest  means  of  shipping  washed  non-dried  potatoes.     Tne  benefit  of 
precooling  is  temporary,  however,  and  often  needs  to  be  supplemented  by  either 
ventilation  or  icing  depending  on  the  weatner  conditions  en  route  and  the  length 
of  the  trip. 


Both  precooling  and  icing  allow  only  small  weight  losses  or  dajaage 
from  desiccation  en  routes  but  icing  oloiie  mil  not  cool  the  load  as  quickly 
as  precooling©     The  capacity  of  the  truc-k  should  be  redJ.iosd  by  appro riircately 
the  weight  of  the  iceo     The  charg©  for  I-to  icings  per  ran  load  totaled  |10o50 
in  this  study* 

Qhe  authors  ivish  to  express  their  appr-eciatica  fcr  thie  cooperation 
and  help  of  several  mc-rabers  of  the  jVTorth  Carolina  Expermsnfc  Station  -who 
are  jointly  responi^ible  for  the  data  obtainedj,  namely^  Bro  Fo  Do  Cochr^an, 
Dto  Lov/ell  Ifidlsen^  Mr*  Co  Lo  MjCcmb;^^,  .aii'i  Dr©  G-e  ¥o  Forster-j,  and  to  the 
farmers,  shippers  and  rec^eiTerrS  that  cooperated  and  "yirithout  whose  help  the 
study  -would  have  been  impof?sibleo 
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Table  io    /m  Oiitline  of  Tr-uck  Shipping  Tost-s  Made  from  Gamdenc,  No  Oo  to  NeTv  York  City^ 
Juirie  -  July-j,  195c  o 
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1/    Position  1  is  top  leyer^  stack  1  (nsxb  tt-  front  ve: 
middle  ^tack  (about  half  way  back  in  the  truck) ,  a 
middle  stack  (essentially  the  center  of  the  load)  or  xhe  upright  bags  in  a  venti 
lated  loado 


t)o,  position  2  is  top  layer y 
d    position  3  is  ELlddl*?  layer ^ 
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